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TKarN I (’Al , MEM0RANDUJ1 


DEVELOPMENT AND TESTING OF HEAT TRANSPORT 
FLUIDS FOR USE IN ACTIVE SOLAR HEATING 
AND COOLING SYSTEMS - FINAL REPORT 

SUMMARY 


Tho inUMUhnl uko f'.,r i.hl.s ropoi’t is to i)rovlde product ' 
d('v('lopmc‘n (. Inforrmition as an aid to the solar heating and 
c<H)ling K.VKtc’ms luuniifacturing Industi'y in their effort to 
d('l ermine' tlu' producUs suitability for use in active solar 
heating and/or cooling system for residential and commercial 
app i i cations. 


This report will also serve as a aid to those who de- 
sire to remain at/reast of the state-of-the-art of solar energy^ 
h (bating an d c oo 1 i n g pro , j v c- 1 s . 


in Nov(>mbor of 197(5, Houston Chemical Company, a 
division of PPG Industries Inc., entered into a contract with 
the National Ac*ronautics and Space Administration (NASA)/Marshall 
Space Flight Center (MSFC) for the development, testing and 
delivery of non-corrosive lu'at transport fluids that would be 
compatible with both metallic, and non-metallic solar collectors 
and plumiring systems, or combinations of them, in closed loop 
solar system; and also to assure that the products could be 
classifi('d aw markevtabh' and suitable for public use. 

TlU' d(’l iverable (>nd items under this contract was to 
be at least 100 gallons of each type of fluid recommended by 
the contractor. 


At contract complel.ion (over a 31-month period) 
Houston Chemical identified several solar transport fluids 
as bc'ing acceptal)! c‘ but only oik' fluid, y.erex Antifreeze, 
was r(’comm(uuled and doUvc'rc'd to NASA/MSFC as an end item, 
/iorc'x Ant i ri‘('e/.e was sc'U'Ctcd bas(>d on failure free teats and 
MO ('videncc' 1 hai Cni lure would occur with continued use; also 
'/iorox was t-lK' only solar fluid trusted which can be purchased 
off th(’ slu‘l r and is rc'adily available. 
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INTRODUCTION 


Program Background and Goals 


Prior to dealing with the specific aspects of the Houston 
Chemical Heat Transport Fluids, a few background statements 
are pertinent. The problems of energy availability and in- 
creasing costs have led to a major national effort to develop 
alternate energy sources. One such source is the energy in 
solar radiation, which can bo used for heating and cooling 
buildings, domestic hot water, and other applications. The 
National Energy Policy, as established in the Solar Heating 
and Cooling Demonstration Act of 1074 (PL93-409), is to 
provide for the demonstration within a 3-year period of the 
practical use of solar heating technology, and demonstration 
within a 5-year period of the practical use of combined heat- 
ing and cot»l lag technology, Responsibility for implementing 
the Demonstration Act was given to the Energy Research 
Development Administration (now the Department of Energy). 
NASA/MSFC manages a large part of this work. 


Purpose of This Product Development and 
Testing Contract 


Tho purpose of this contract was to provide funding to 
Houston Chemical to construct a tost stand, equip it with 
aluminum, copper, steel and non-metal lie solar collectors, 
associated components and copper plumbing, circulate various 
types of transport fluids through the systems and demonstrate, 
by frequxnit sampling, that the fluid or fluids will provide 
cori’osion and freeze protection to ail systems components. 
Also, at pi’ogrom compltdion e.xaminc the collectors and system 
comjTonents for corrosion and b(> able to recommend which fluids 
ax*e suitable for use as transpoi't fluids in active solar 
h e a t i n g an d c (to 1 i n g s y s t (^m s . 

('on tract performance p('riod was from November 15, 1976 
through June 15, 1979, 


DESCRIPTION 


Project Development Requirements and Criteria 


During th(‘ cU'velopment of the heat transport fluid, 
the contractor was rc'quired to; 



A) Meet the applicable parts of the interim per- 
formance criteria, as stipulated in the contract, 

B) Meet the subsystem performance specifications, 
as stipulated in the contract. 

C) Provide test data/analyses to verify that the 
fluid meets the subsystem performance specifications, 

D) Provide documentation and specifications in 
sufficient detail to define the fluid and to ensure formula- 
tion repeatability. 

E) Provide, if reasonably available, subsystem 
certification by independent test laboratory (such as Under- 
writers Laboratory and American Gas Association) to meet 
nationally recognized standards and codes (such as American 
Society of Heating, Refrigeration and Air Conditioning 
Engineers; American Society of Mechanical Engineers; American 
National Standards Institute and American Refrigeration In- 
stitute), 


The Solar Test Stand and Operation [i] [k] 


The test stand structure was designed to the proper 
angle (25'^) to maximize efficiency of the solar collector panels 
at a southern exposure. The location of the collector panels 
on the test stand allowed space for adequate accessibility 
for inspection, removal, and evaluation purposes. The struc- 
ture was designed to carry the dead equipment load, live loads, 
and Gulf Coast wind loads, The structure framing was con- 
structed of Wolmanized-treated lumber and the plywood deck 
was covered with asphalt shingles which also furnished skid 
protection. A layout of the solar collector panels and 
plumbing schematic is enclosed as Figure 1 and Figure 2. 

The operation of the solar test stand was initiated 
on June 15, 1977, and its operation was monitored on a 24- 
hour basis. The operation of the solar stand was discontinued 
as of February 26, 1979, except for the non-metalllc collector 
which was shut down on May 22, 1979, The final samples of 
the solar fluids were taken and were analyzed for pH, reserve 
alkalinity, appearance, ash content, foaming, and viscosity. 

The metallic solar collectors were tested for more than 20 
months and the non -metallic collector for over 13 months. 
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HEAT REJECTION SYSTEM 
This drawing was redrawn for clarity, 

Figure 2 
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Solar Collector Panels 


A Ktudy wa.H conducted to hnv** n rf»prespntatlve sjumpXe 
ot tlu* rnarkt*! pJat’t’; tlu* Kolar eollpctor platoM materials 
Kulc'ctod wt^re ropper, aluminum, steel and one non-metallic 
(plastic) collector. The Roll-Bond and Tranter dosliin was 
Kclocted because it Is more prone to crevice corrosion than 
the tube .shett type ol construction* The metallic collector 
plates Were tirth'rcKl frcjm their respective manufacturers and 
assembled by the PPG Glass Division and are as follows*. 

21 Aluminum solar eoUectors 3d" x 76"; single glassed 
float glass; iHiracron coated aluminum Roll-Bond 
|)iuu‘lK with G" fib(»rglass Insulation and pans. 

21 Rtet‘I solur eolJeetors 34" x 76"; single glu'/« .1 
final glass; Duraeron coated Tranter "Ectjuncyil" 
steel panels* wUh 6" fiberglass insulation and 
inuiH, 

21 Copper Htilsir col lectors 34" x 76"; single (»*l;t;/'d 
float glass; Durac?*cm coated Roll-Bond j^anels with 
6" filH'rgl’JSH tfjsuhil ion and pans. 

1 Non-HK‘l al 1 Ic (phistic) solar collector 34" x TtV ; 
single glaz('d reinforced plastic cover with fiber- 
g 1 ass i Ji s u 1 a 1 1 or, and ij 1 a s 1 1 (' f ram lag* 

The single gla/tnl const ruction was selected f( 0 ' tbi.* 
project, biscuuse for (his particular location, they pt'rrorn 
more offictenlJy than douhl (*~gl a/tui conectors. This enn- 
elusion vms luisetl t)n (lu* analysis of a domestic hot wnler 
solar system for t h<* Pnrpus (’lirlsti area. 

Th(’ results of I lu' FC’IIAHT (‘omputer analysis tiifHcnt'*d 
that a PPG slngh* glared <'ol lector will supply 503,1*10 Btu/yr 
more than its (iouiih* gla>s»d counterpart, using the snme eei“h t* 
tor art*a. General I y , this is trig* in warm climates such ;i., l.i 
Corpus Chr i si i , 



Bolar 

• '4 f ■ * 

I’rupylwtie (Uytujl 
M-U, Monoetliylent Olycul 
G~0, Glycerlno 

D-W, Deionixcd Water 
H-W, Hard Water 
T*^I, Triethyleue (Mycivl 

T-2, Tt*ielliyU*ne (ilyri>l 

1»-1, PropyliMie cUyeo! 

P-2, I'ropy leiii' UlyintJ 

M~l, ManooUiyUnu' (MyeuI 

M-2, Monoethylonc, (Uyt’ol 

M-3, Monnethylc’iiu (Ilyeol 
M“4, MonaeChyloru’ Olyro) 


jlr a t Tra naport P3uid Dcicrlption 

■501 Del an 1 ml Water 

50Z Delonirod Water 

bOX Glyfjtrine 
40% Deionized Water 


50% OeionlKed Water 

DKP (50%) (DlHotaasAum Pboephate) 

50% Deionh'.ed Water 

Dl'P (50%) (DIpoiaHHlum Phosphate) 

NaNOj (Hodiuiii Nitrate) 

Na.jSTOj, (Pentahydrate) 

NaSO) CSoilliiw Nitrate) 

50% Deionized Water 

DKP (50%) (Dlpolasslum Phosphate) 

50% Deionized Water 

DKP (50/) (DlpotaKsium Plioapate) 

‘i'Ol.v (50/) (Pu)tiluin Toiytrtazole) 

50% Deionized Water 
Borax , 5 

Na'Hl (50%) (.Sodium Hydroxide! 

NaMlvi' (50%) (Sodium Mercnptobenzotliiazole) 
Na , S I O.p .5 ( I’cn*. t n h yd r a t c ) 

NaNo.. (Sodium Nitrate) 

T.SP n'riiuid liiin Phoapate) 

50% Deionized Water 
litjrax ,5 

DKP (50%) (DlpotaHslum Pliosphote) 

NiiOH (50%) (iUHllum Hydroxide) 

NiiMlJT (50%) (StHlIum MercaptohenzothlazoXe) 

50% Deionized Water 

DKP (50%) (DIpotaBslum Phosphate) 

D.SP (50%) (DlKodlum Pho.spliate) 

NaMllT (50%) (Sodium MereapLobenzothlazole) 

50% Deionized Water 

DKP (50%) (Dipotassium Phosphate) 

DSP (D 1 sod I um Phosphate) 

NaMUr (50%) (Sodium Mercaptobcnzothiazole) 


2 % 


2 . 00 % 

0 . 20 % 

0.05% 

0.05% 


ov 


0 . 10 % 


0.584% 

0.235% 

0,266% 

0.050% 

0.118% 

0 . 102 % 


0.250% 

2.50% 

0 . 100 % 

0.250% 


.735% 

.5157 

. 100 % 


.735% 

.515% 

.250% 
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Bulur llr.it IVnn*»iH»ri Flulil Da'jertptian 

' •* •Stm « It »w 


M-5, .MimiH'tliylvni* Ulyi'ol ^0/, Dflimlj'i'U Watvr 

Jku’iix .*) 

NiUHI t'jti ) (.s'iuHimi Hydiroxlcltt) 

N.iMBl (50/.) (HiKiiiim MtircnptPbtmxothlflxoliO 
Na,,Bl{),i .5 C Putt tiihytl rut#) 

NaKU,j (Hodiuw N'ltrac®) 

THP trrlHodium IMvosphate) 


•Solar lii'.jt TrauMporc HoJar Puinp Description 

- * - X ^ A ■ m ■ V. ^ 4 jA »a jmn t . ' f . ^ ni i WwJ ^ aW ati 


Pump Identification 


Test Conditions 


UrunloH UP.S 2U-24 

1/M 11. P,, in V. PO IL, I plmae, 85 w, 
(J.H5 a. ^ 

19()‘’P» 1~5 pslK. 


i).5R4X 

0,2m% 

0.U5U* 

O.llHX 

U.102?' 
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'testing of the hf/>t transport fluids 


In the Metallic Collectors 

The variouH typos oT solar transport fluids were 
circulated continously, on a i>A hour basis through the 
respective banks of collectors, and samples taken monthly 
and analyzed for appearance, pH, reserve alkalinity, ash 
content, foaming and viscosity. [3] 


A listing of the various types of fluids [^1 appears 

below : 


Doionizc^d Water 
Hard Wat(‘r 
MonoeUiy l('fu' GJycoi 
Glycerine 
Propylene Glycol 
Tr i e t h y 1 en e G J y co 1 


In the Non“Metallic Collectors [3] 


A similar testing procedure was used. 

An ethylene glycol with inhibitors and 50 percent 
deionized water was used at the solar heat transport fluid 
with this collector. 


TESTING OF THE SOLAR PUKP 


Solar pump t'ailurcs are usually attributed to shaft 
and seal problems. Under this contract the contractor test- 
ed a 1/20 HP Grundfo.‘^ pump untilizing a closed loop with 
applied heat, and off the shelf Zerex Antifreeze as a fluid 
(50-50 by volume aqueous), contlnously running at 190®F and 
3-5 P,S,I. Routine visual inspections were performed over 
the period of the contract. 
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EVALUATION OF SOUR FLUIDS, SOLAR COLLECTORS, 
AND SOLAR PL#S C5] 


1 . SOl.AH FLUIDS 

Listed below are the fluid properties tested and the 
test method used, 


TAULK 

PHOPKHTIKS 

TEST METHOD 

PAGE 

Table VI 

Color 

Visual 

27 

Table XI n 

fcJpeclfU’ Gravity 

ASTM D-1122 

33 

Table XI 

Frt»e’/.e Point 

ASTM D-1177 

32 

Table IV 

PH 

ASTM D-1287 

23 

Table VII 

ASH Content 

ASTM D-1119 

29 

Table xn 

liq u i 1 i br 1 urn Hu i 1 1 n g Po i n t 

ASTM D-1120 

.32 

Tabl*' V 

Heservt' Alkal in ity 

ASTM D~1121 

25 

Table IX 

Foam Test 

ASTM D-1881 

30 

Tabl(' VIII 

V i kc'okI 1 1 ('s 


29 


All KyHlornH wore ohurj?(nl with their individual solar 
fluid. The flow ralos wore sot at 0.5 G.P.M, per solar col- 
lector, AH or montltly .sami)l i nf?K and at tost tormlnation , their 
was either no change in fluid prop('rtios or insufficient change 
to ol inrinatt' t lu' fluid as a candidate for use in the systems 
con f i gur a L 1 on s t est. tni , 


2. 801, AH (’OLLK(TC)ILS 

TIu' following prooeduiu' was used to evaluate the 
collectors for corrosion: 

1. Heinovi' collector from the test stand, 

2. Hemovo fiUtiigs, bactk pan, and insulation from 
coll ec tor. 

3. Drain solar fluifl. 

4. Hinse t'()ll('ctor flow pasvsnges with water. 

5. Hinse collector flow passage's with solvent. 

0. Dry with nitrogen or otlu>r suitable gas, 

7. S(’al collector ports. 
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B. 

X-ruy collector, 

see Figures 3 

and 4. 

y. 

Kvaluale X-rays. 



10. 

If corrosion is 
idem ! fy . 

indicated, cut 

open collector nnd 


All of the metallic solar collector plates were i-valuatod 
in accordance with the above procedure, An independent in.stHu*- 
tion, Southwest Hesearch Institute, performed the X-ray inH))oct ions 
on site, and reported their findings (see Tables I, II and HI). 
These findings indicated that after 20 months of testing, one small 
pit of corrosion was identified on an aluminum collector (sef* 
Figure 5) using a 60 percent mixture of glycerine and dc;i enlist’d, 
water with no corrosion inhibitors. External corrosion otM'uriH'd 
on the back side* of one steel solar collector panel, (stn' Figure 
6) it was evident that these surfaces were not propc'rly i'rfj'’i’'’d 
for painting. 


Figure 7 is an X-ruy of a copper collector plate, and 
shows nt^ indication of inU'rior or (exterior corrosion. 

Figure 8 is an X-ray of a portion of aluminum coll ee. tor- 
plate, and shows no indication of internal or external corrosion, 
but does show a weisher like objc^ct in the corner and particles 
of debris in the bottom of the internal flow passages, 

3. SOLAH PUMP 

The 1/20 H.P, Grunfos pump completed 24 months of 
continuous running without failure. 


PROBLEMS ENCOUNTERED AND THEIR SOLUTIONS: 


Early In the program the proc idure to evaluate the 
internal flow pawssages for corrosion was to cut open each 
flow passage wKh a band saw. This method left bui'rs along 
with metal shavings which required thorough cleaning before 
proper inspection of the area could start. In addition, the 
method was time consuming and expensive. 

A radiographic application of X-ray inspection was 
investigated and found to be the solution to the problem. 
Southwest Research Institute was contracted by Houston Chemical 
to perform this work on site. 
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FI6URR 3 ~ SCHEMATIC OF FUNDAMENTAL X-RAY EXPOSURE 
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FI0URE4 -DIAGRAM SHOWING LOCATION OF X-RAY FILM ON SOLAR COLLECTOR 









Figure 6 - X-ray of steel collector plate 
indicating exterior corrosion 






■igure 7 - X-ray of 




Solar Colltctor y«n«l 
X~Rav Irupactlon 


Tablo I 


Faool 

Panel 



Corrosion 



Xdent. 

Metal Solar Fluid Inhibited 



Debris 

Othar 

2A A-B 

Copper 

Propylene 

NO 

M • 

N 

N 


B-C 


Glycol 


M 

N 

N 


D-E 


' (P-0) 


M 

N 

N 


B-F 




N 

H 

N 



Copper 

Propylene 

Mo 

HHQUI 

N 

N 


B-C 


Glycol 


N 

N 

N 


D-E 


(P-0) 


M 

M 

N 


E-F 




N 

M 

F 


5A A-B 

Copper 

Mono ethylene 

No 

N 

N 

N 


B-C 


Glycol 


N 

N 

N 


D-E 


(M-0) 


M 

N 

F 


E-F 




N 

N 

N 


r'5B A-B 

Copper 

Monoethylene 

No 

N 

N 

N 


B-C 


Glycol 


N 

N 

N 


D-E 


(M-0) 


N 

N 

N 

V* 

E-F 




N 

N 

N 


8A A-B 

Copper 

Deionized 

No 

N 

N 

N 


B-C 


Water 


N 

N 

N 


D-E 


(D-W) 


N 

N 

M 


E-F 




N 

N 

N 


lU A 

Copper 

Glycerine 

No 

N 

N 

N 


B 


(G-0) 


N 

M 

N 

. 

C 




M 

N 

N 


D 




N 

N 

N 


E 




N 

N 

N 


F 




N 

N 

N 


12A A-B 

Copper 

Triethylene 

Yes 

N 

N 

N 


B-C 


Glycol 


N 

N 

N 


D-E 


(T-1) 


N 

N 

N 


E-F 




N 

M 

N 


12B A-B 

Copper 

Triethylene 

Yes 

M 

N 

N 

• 

B-C 


Glycol 


M 

• N 

M 


D-E 


(T-1) 


N 

M 

N 


E-F 




N 

N 

F 


13A A-B 

Copper 

Propylene 

Yes 

N 

N 

N 


B-C 


Glycol 


N 

N 

N 


D-E 


(P-2) 


N 

N 

N 


E-F 




N 

N 

F 


13B A-B 

Copper 

Propylene 

Yes 

N 

N 

N 


B-C 


Glycol 


N . 

N 

M 


D-E 


(P-2) 


N 

N 

N 


E-F 




N 

N 

M 



N ■ None 

F ■ Few Particles 
MF ■ More Than a Few Particles 
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Solar Collector Pantl 
X-Koy Insptctlon 


Tablt I cpnt. 


Pantl 

Panal 



Corrosion 


Zdtnt. 

Natal 

Solar Fluid Inhibited 



Debris Other 

XU A-B 

Coppar 

Propylene 

Tea 

W 

N 

E 

B-C 


Glycol 


N 

E 

E 

B-B 


<»-i) 


II 

N 

E 

E-F 




N 

n 

E 

14B A-B 

Coppar 

Propylene 

Yea 

N 

M 

E 

B-C 


Glycol 


N 

N 

E 

D-B 


<P-1) 


M 

N 

E 

E-F 




N 

N 

E 

l^A A-B 

Coppar 

Monoathylana 

Yea 

N 

N 

E 

B-C 


Glycol 


N 

If 

E 

D-E 


(N-A) 


M 

N 

E 

E-F 




N 

N 

F 

15B A-B 

Coppar 

Mono ethylene 

Yea 

N 

N 

E 

B-C 


Glycol 


N 

E 

E 

D-E 


(M-4) 


N 

E 

F 

E-F 




N 

E 

E 

iik A-B 

Coppar 

Monoethylane 

Yea 

N 

N 

E 

B-C 


Glycol 


N 

E 

E 

ihk 


(M-3) 


N 

E 

E 

E-F 




N 

E 

E 

16B A-B 

Copper 

Monoethylena 

Yea 

M 

E 

E 

B-C 


Glycol 


M 

E 

E 

D-E 


(H-3) 


N 

E 

F 

E-F 




N 

E 

F 

NA A-B 

Co-par 

Monoethylene 

Yea 

N 

E 

E 

B-C 


Glycol 


N 

E 

E 

D-E 


(M-2) 


H 

E 

F 

E-F 




N 

E 

E 

17B A-B 

Copper 

Monoethylene 

Yes 

N 

E 

E 

B-C 


Glycol 


N 

E 

E 

D-E 


(M-2) 


H 

E 

E 

E-F 




N 

E 

F 

18A A-B 

Coppar 

Monoethylene 

Yes 

N 

E 

E 

B-C 


Glycol 


N 

E 

E 

D-E 


(M-1) 


N 

E 

E 

E-F 




N 

E 

E 

18B A-B 

Coppar 

Hbnoachylena 

Yea 

M 

E 

E 

B-C 


Glycol 


N 

E 

E 

D-E 


(M-1) 


N 

E 

E 

E-F 




M 

E 

F 

19A A-B 

Copper 

Hard Water 

No 

N 

E 

N 

B-C 


(H-W) 


N 

E 

E 

D-C 




N 

E 

F 

E-F 




M 

N 

E 


N • Mono 

F • Ftv Partlclaa 
KF ■ Nora Than a Ftw Parclelaa 
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tolar Collactor Panal 
X-Mv IniPoccioiT " 


Tablo n 


Panel 

Panel 



Corroeion 



Zdent. 

Metal 

Solar Fluid 

Inhibited 

External 

Internal 

Debrie 

Other 

34 A-B 

Alta. 

Propylene 

No 

N 

N 

F 


B*C 


Glycol 


m 

N 

F 


B-E 

* 

(r-o) 


N 

N 

F 


E-F 




N 

N 

F 


Ik A-B 

Alta. 

Propylene 

No 

N 

N 

F 


B-C 


Glycol 


N 

N 

N 


D-E 


(P-O) 


N 

N 

N 


E-P 




N 

N 

N 


^A A-B 

Alta. 

Honoethylene 

No 

N 

N 

N 


B-C 


Glycol 


N 

N 

N 


1>-E 


(M-0) 


N 

N 

MF 


E-F 




N 

N 

MF 

- 

6B A-B 

Aluffl. 

Honoethylene 

No 

N 


F 


B-C 


Glycol 


N 

N 

F 


D-E 


(H-O) 


N 

N 

MF 


E-F 




N 

N 

MF 


9A A-B 

Alum. 

Deionized 

No 

N 

N 

F 


B-C 


(D-W) 


N 

N 

F 

Sight Depoait 

D-E 




N 

N 

F 


E-F 




N 

N 

P 

Sight Denoeita 

20A A 

Alum. 

Glycerine 

No 

N 

N 

N 


B 


(0-0) 


N 

N 

N 


C 




N 

N 

N 


D 




N 

N 

N 


E 




N 

Yea 

N 

Pit Starting. 

7 




N 

N 

N 


21A A-B 

Alum. 

TrleKiylene 

Yes 

N 

N 

MF 


B-C 


Glycol 


N 

N 

MF 


D-E 


<T-1) 


N 

N 

MF 


E-F 




N 

N 

MF 


21B A-B 

Alum. 

Triethylene 

Yes 

N 

N 

F 


B-C 


Glycol 


N 

N 

F 


D-E 


(T-1) 


N 

N 

MF 


E-F 




N 

N 

MF 


22A A-B 

Alum. 

Propylene 

Yes 

N 

N 

MF 


B-C 


Glycol 


N 

N 

MF 


D-E 


(P-2) 


N 

N 

MF 


E-F 




N 

N 

MF 


22B A-B 

Alum 

Propylene 

Yes 

N 

N 

P 

Deposits Noted 

B-C 


Glycol 


N 

N 

F 

Deposits Noted 

D-E 


(P-2) 


N 

N 

MF 


E-F 




N 

N 

MF 



N - None 

P - Few Particles 
MF ■ More Than a Few Partlclaa 
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Solar Collector fantl 
X-IUty Ingptctiop 


Tablo II €ont» 


Panel 

Panal 



Corrosion 


Idene. 

Metal 

Solar Fluid 

Inhibited 

External 

Internal 

Debris Other 

ZU A-B 

Alun. 

Propylene 

Yea 

N 

H 

MF 

B-C 


Glycol 


N 

N 

f 

B-E 

. 

<p-i> 


N 

N 

MF Circular ObjocB Noted 

E-F 




N 

N 

MF 

iSB A-B 

Alum. 

Propylene 

Yea 

N 

N 

F 

B-C 


Glycol 


M 

If 

F 

B-E 


(P-1) 


N 

R 

F 

E-F 




N 

M 

F 

14a A-B 

Alua. 

Monoethylene 

Yea 

N 

N 

F 

B-C 


Glycol 


N 

N 

F 

B-E 


(M-4) 


N 

R 

F 

E-F 




N 

R 

F 

24B A-B 

Alua. 

MonoeChylene 

Yea 

N 

N 

H 

B-C 


Glycol 


N 

N 

R 

D-E 


(M-4) 


N 

R 

R 

E-F 




N 

R 

R 

25A A-B 

Alua. 

MonoeChylene 

Yea 

N 

N 

N 

B-C 


Glycol 


N 

R 

N 

D-E 


(M-3) 


M 

R 

N 

E-F 




N 

R 

N 

2SB A-B 

AluOf 

Monoethylene 

Yes 

N 

N 

M 

B-C 


Glycol 


N 

N 

R 

D-E 


(M-3) 


N 

R 

N 

E-F 




N 

N 

N 

26A A-B 

Alum. 

Mono ethylene 

Yea 

N 

N 

N 

B-0 


Glycol 


N 

R 

F 

D-E 


(M-2) 


N 

K 

MF 

E-F 




N 

N 

MF 

26B A-B 

Alum. 

MonoeChylene 

Yes 

N 

N 

MF 

B-C 


iiiycol 


N 

N 

MF 

D-E 


(M-2) 


N 

N 

MF 

E-F 




N 

N 

MF 

27A A-B 

Alum. 

Monoethylene 

Yes 

N 

N 

N 

B-C 


Glycol 


N 

R 

N 

D-E 


(M-1) 


N 

R 

N 

E-F 




N 

N 

N 

27B A-B 

Alua. 

Monoethylene 

Yes 

N 

N 

N 

B-C 


Glycol 


N 

R 

N 

B-E 


(M-1) 

* 

N 

N 

N 

E-F 




M 

N 

N 

28A A-B 

Alum. 

Hard Water 

No 

N 

N 

MF 

B-C 


(H-W) 


N 

N 

MF 

D-E 




N 

N 

MF 

E-F 




N 

N 

MF 


N ■ Non* 

F ■ Fov Partlclea 
MF Moro Than a Few Particlea 

♦* 
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lolT Collictor Fantl 
X-Hiiy Inipactlon 


^abla HI 

Fanel 

Panel 



Corroaion 


Want* 


Solar Fluid 

Inhibited 

External 


Debrla Other 

U A-B 

Scaal 

Propylene 

HO 

SC 

N 

N 

•-C 


Glycol 


SC 

N 

M 

»-B 


(r-o) 


c 

N 

F 

B-F 




C 

N 

F 

41 A-B 

Steal 

Propylene 

Mo 


N 

f 

B-C 


Glycol 


SC 

N 

f 

D-B 


(?-0) 


SC 

N 

F 

B-F 




SC 

N 

F 

7A A-B 

Steal 

Monoethylene 

No 

sc 

N 

F 

B-C 


Glycol 


sc 

M 

F 

D-E 


(M-0) 


c 

N 

F 

E-F 


\ 


c 

M 

F 

7B A-B 

Steel 

Monoethylcne 

Mo 

c 

N 

F 

B-C 


Glycol 


c 

N 

F 

D-E 


<M-0) 


c 

N 

N 

E-F 




sc 

N 

F 

idA A-B 

Steel 

Deionized 

No 

sc 

N 

F 

B-C 


Itfater 


sc 

N 

F 

D-E 


(D-W) 


sc 

N 

F 

E-F 




sc 

N 

F 

29A A 

Steel 

Glycerine 

No 

sc 

N 

F 

B 


(C-0) 


sc 

N 

N 

C 




sc 

N 

N 

D 




sc 

N 

F 

E 




sc 

M 

F 

F 




sc 

N 

F 

30A A 

Steel 

Triethyiene 

Yea 

c 

N 

N 

B 


riycol 


c 

N 

N 

C 


(T-1) 


c 

N 

N 

D 




c 

N 

M 

E 




c 

n 

N 

F 




c 

M 

N 

30B A-B 

Steel 

Triethylene 

Yea 

c 

N 

M 

B-C 


Glycol 


c 

N 

H 

D-E 


(T-l 


sc 

N 

N 

E-F 




sc 

N 

N 

3U A-B 

Steel 

Propylene 

Yea 

c 

N 

N 

B-C 


Glycol 


c 

N 

N 

D-E 


(P-2) 


c 

N 

N 

E-F 




C 

N 

N 

31B A-B 

Steel 

Propylene 

Yea 

N 

N 

N 

B-C 


Glycol 



M 

N 

D-E 


(P-2) 


c 

M 

N 

E-F 




c 

N 

N 




N - None 



sc Slight Corroaion 




F - Few Particlea 


C ■ Corroaion 


MF ■ More Than a Few Parcielea 
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Solar CoUtctor PantJ. 
X«lUv tnaptction 


Tab la til confe. 






Cot COB Ion 




K8CT1 




lauuaa 

Dcbrle 

Other 

32A A-B 

Steel 

Propylene 

Yea 

SC 

N 

F 


B-C 


Glycol 


C 

N 

F 


D*B 


(P-1) 


SC 

n 

F 


E-F 




N 

N 

F 


32B A--B 

Steel 

Propylene 

Yea 

SC 

N 

N 


B-C 


Glycol 


SC 

N 

M 

* 

D-E 


<p-i) 


SC 

N 

F 


E-F 




N 

N 

N 

<» 

33A A-B 

Steel 

Monoethylene 

Yea 

SC 

N 


Snail Wald Cracks 

B-C 


Glycol 


SC 

M 

N 

Noted 

D-E 


(H-4) 


sc 

N 

M 

. 





SC 

N 



3*J3 A-B 

Steel 

Monoethylene 

Yea 

sc 

N 

M 


B-C 


Glycol 


SC 

N 

M 


D-E 


(M-4) 


SC 

N 

N 

* 





SC 

N 

n 



Steel 

Monoethylene 

Yea 

SC 

■■njHj 

N 


B-C 


Glycol 


sc 

N 

M 


D-E 


(M-3) 


SC 

N 

M 


E-F 




SC 

M 

N 


^B A-B 

Steel 

Monoethyiene 

Yes 

SC 

N 

H 


B-C 


Glycol 


SC 

N 

N 


D-E 


(M-3) 


c 

N 

N 


E-F 




c 

N 

N 


35A A-B 

Steel 

Monoethylene 

Yes 

c 

M 

N 


B-C 


Glycol 


c 

N 

M 


D-E 


(M-2) 


c 

M 

N 


E-F 




c 

N 

N 


35B A-B 

Steel 

Monoetl%ylene 

Yes 

c 

N 

N 


B-C 


Glycol 


c 

N 

N 


D-E 


(M-2) 


sc 


N 


E-F 




H 


N 


36A A-B 

S teel 

Monocthylene 

Yes 

sc 

M 

N 


B-C 


Glycol 


.sc 

M 

N 


D-E. 


(M-1) 


c 

N 

N 


E-P 




c 

N 

N 


36B A-B 

Steel 

Mono ethylene 

Yes 

sc 

N 

N 


B-C 


Glycol 


G 

N 

N 


D-E 


(M-1) 


sc 

N 

N 


E-G 




sc 

N 

N 


37A A-B 

Steel 

Hard Water 

Yes 

G 

N 

N 


B-C 




c 

N 

M 


D-E 




c 

N 

F 


E-F 




c 

H 

P 



N ■ Mono SC ■ Slight Corroalon 

F ■ Faw Partlclea C ■ Corroalon 

KF ■ More Than a Few Partlclea 










Tabu IV 

SOUR HEAT TBAKSFOKT rtUIW 
KASA CONTRACT NASB-32255 
£H 


f 


jytw 

Material 

rima 

Initial 

7/15 

8/15 

1 

ETOH 

M-5 

9.9 



2 

Cu 

P-0 

5.2 

6.8 

8.6 

3 

a 

A1 

P-0 

5,2 

5.5 

4.9 

4 

8tl 

P-0 

5.2 

5.9 

5.1 

5 

Cu 

M-0 

7.0 

5.9 

5.4 

4 

A1 

M-0 

7.0 

6.3 

5.2 

7 

Stl 

M-0 

7.0 

4.8 

4.8 

• 

Cu 

D-W 

7.1 

8.0 

6.8 

9 

A1 

D-W 

7.1 

8,0 

7.6 

10 

Stl 

D-U 

7.1 

5.6 

6.3 

11 

Cu 

G-0 

5.5 

6.2 

5.3 

12 

Cu 

T-1 

9.6 

9.5 

9,8 

13 

Cu 

P-2 

9.8 

9.8 

9.9 

14 

Cu 

P-l 

9.8 

9.6 

9.6 

15 

Cu 

M-4 

9.4 

9.5 

9.4 

16 

Cu 

M-3 

9.5 

9.4 

9.4 

17 

Cu 

M-2 

8.8 

8.8 

8.8 

18 

Cu 

M-1 

9.4 

9.3 

9.2 

19 

Cu 

K-W 

8.2 

8.0 

8.4 

20 

A1 

G-0 

5.5 

6.1 

6.2 

a 

A1 

T-1 

9.6 

10.1 

10.2 

22 

A1 

P-2 

9.8 

10.2 

10.3 

23 

A1 

P-l 

9.8 

10.3 

10.5 

24 

A1 

M-4 

9.4 

9.4 

9.4 

25 

A1 

M-3 

9.5 

9.5 

9.4 

26 

A1 

M-2 

8. 8 

9.1 

9.1 

27 

A1 

M-1 

9.4 

9.3 

9.3 

28 

A1 

H-W 

8.2 

7.8 

8.5 

29 

Stl 

G-0 

5.5 

5.9 

5.2 

30 

Stl 

T-1 

9.6 

9.5 

9.8 

31 

Stl 

P-2 

9.8 

9.8 

9.8 

32 

Stl 

P-l 

9.8 

9.6 

9.6 

33 

stl 

M-4 

9,4 

9.3 

9.3 

34 

Stl 

M-3 

9.5 

9.2 

9.3 

35 

Stl 

M-2 

8.8 

9.8 

8.8 

36 

stl 

M-1 

9.4 

9.3 

9.2 

37 

stl 

H-W 

8.2 

7.6 

8.0 

38 

Mix 

T-2 

8.7 

- 

8.6 


• N«w fluid installed 

** Testing of plastln panel Initiated 


1977 




1978 


9/15 

10/15 

11/15 

12yi5 

1/15 

2/15 

3/15 

4/15 
•• 9,7 

6.5 

6.4 

6.3 

6.6 

6.4 

6.3 

6.1 

6,4 

4.9 

5.0 

5.2 

5.0 

5,3 

5.6 

5.6 

4.7 

4.9 

5.1 

5.1 

5.0 

5.3 

5.8 

5.7 

4.9 

5.1 

5.1 

5.2 

5.1 

3.2 

5.6 

5.6 

5,0 

5.4 

5.2 

5.3 

5.2 

5.2 

5.6 

5.5 

5.3 

4.9 

5.3 

5.2 

5.0 

5.2 

5.6 

5,4 

4.9 

6.9 

7.0 

7.1 

7.4 

6.9 

6.6 

6.8 

ii.n 

7.7 

7.2 

7.1 


•7.1 

7.0 

7.0 

hi 

6.1 

5.9 

5.9 

5.9 

6.1 

5.9 

5.7 


5.1 

5.1 

5.6 

5.1 

5.3 

5.7 

5.6 

■l.J 

9.9 

10.0 

10.1 

10.0 

10.1 

lO.l 

10.2 

1.1 1 

9.8 

10. 0 

10.0 

9.9 

9.9 

9.9 

9.9 

9,-’ 

9.5 

9.6 

9.6 

9.6 

9.5 

9.5 

9,5 

9.6 

9.3 

9.4 

9.4 

9.3 

9.3 

9.3 

9.4 

9.4 

9.3 

9.4 

9.4 

9.3 

9.3 

9.3 

9.4 

9.4 

8.8 

8.9 

8.0 

8.8 

8.8 

8.8 

8,8 

8.0 

9.2 

9.3 

9.2 

9.2 

9.2 

9.2 

9,2 

9.3 

8.1 

8.2 

8.2 

8.4 

8.5 

8.2 

8.7 

7.9 

7.2 

5.3 

5.4 

6.0 

6.0 

5.8 

5.8 

5.7 

10.3 

10.5 

10.2 

10.2 

10.2 

10.2 

10.2 

10.1 

10.3 

10.4 

10.3 

10.3 

10.3 

10.4 

10.4 

10.3 

10.6 

10.6 

10.6 

10.5 

10.7 

10.6 

10,6 

10.5 

9.5 

9.5 

9.4 

9.4 

9.4 

9.4 

9.4 

9.4 

9.5 

9.5 

9.4 

9.4 

9.7 

9,5 

9.4 

9,4 

9.3 

9.3 

9.2 

9.2 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.2 

9.3 

9,3 

9.3 

9.3 

9.3 

8.0 

8.5 

8.4 

9.2 

8.4 

8.9 

8.8 

7.7 

6.6 

6.5 

5.3 

5.2 

5.7 

5.5 

5.5 

5.2 

9.9 

10.2 

10.2 

10.3 

10.3 

10.4 

10.4 

10.4 

9.9 

9.9 

9.9 

9.9 ■ 

10.0 

10.1 

10.0 

10.0 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.6 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9,3 

9.: 

9.2 

9.2 

9.2 

9.2 

9.2 

9.3 

9.3 

8.9 

8.8 

8.9 

8.8 

8.9 

8.9 

9.0 

8.9 

9.2 

9.2 

9.3 

9.2 

9.2 

9.2 

9.3 

9,1 

8.1 

. 8.2 

8.3 

8.4 

8.1 

8.8 

8.6 

7.9 

8.5 

8.7 

8.6 

8.6 

8.6 


8.7 

8.7 
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T/llth' fV 


SOLAR HEAT HANSPQKT FLUIDS 
NASA CONTRACT HA88-322S? 
pH. continued 


lyaera 

HaCerlal 

Fluid 

Inlclul 

5/15 

6/i5 

7 /is 

fijW 

^/15 

" T ( T / Tr ~ 

11/15 

"HM 

T 7 ir ~ 

T72g 

1 

EPDN 

M-5 

9.9 

9.7 

9.6 

9.7 

9.6 

9.5 

9.5 

9.5 

9.5 

9.5 

9.5 

2 

Cu 

P-0 

5.2 

6.3 

6,5 

6.3 

4.1 

6.1 

6.0 

7.1 

6.9 

6.7 

6.0 

3 

41 

P-0 

5.2 

5.2 

6.1 

6.0 

5.1 

5.6 

5.0 

5.6 

5.5 

6.3 

4.9 

4 

Stl 

P-0 

5.2 

5.2 

6.2 

6.2 

4.9 

5.7 

4.9 

5.6 

5.5 

6.4 

4.9 

5 

Cu 

H-0 

7.0 

5.4 

6.0 

6.0 

5.0 

5.6 

5.1 

5.4 

5.4 

6.5 

4.8 

6 

41 

M-0 

7,0 

5.6 

6.2 

6.0 

5.2 

5.6 

5.3 

6.0 

5.9 

6.4 

5.2 

7 

Stl 

M-0 

7.0 

5.4 

6.2 

6.2 

6.2 

5.7 

4.9 

5.7 

5.4 

6.4 

5.1 

8 

Cu 

D-W 

7.1 

7.1 

6.8 

6.8 

6.8 

6.6 

6.9 

7.3 

7.2 

7.2 

7,0 

9 

41 

D-W 

7.1 

7.1 

8.7 

8.3 

8.2 

8.2 

7.0 

7.3 

7,1 

7.3 V 

8.4 

10 

Stl 

D-H 

7.1 

6.3 

5.8 

5.8 

5.7 

5.6 

5.7 

6.8 

6.6 

6.3 

5.5 

11 

Cu 

C-0 

5.5 

5.2 

5.9 

6.0 

5.4 

5.5 

4,9 

5.4 

5.4 

6.2 

5.9 

12 

Cu 

T-1 

9.6 

10.1 

10.2 

10.3 

10.0 

10,1 

lO.I 

10.0 

10.1 

10.1 

10.1 

13 

Cu 

P-2 

9.B 

9.9 

10.0 

10.0 

9.8 

9.9 

9.9 

9.8 

9.9 

9.9 

9,9 

14 

Cu 

P-1 

9.8 

9,6 

9,6 

9.6 

9.5 

9.5 

9.5 

9.4 

9.4 

9.5 

9.5 

15 

Cu 

M-4 

9.4 

9.3 

9.4 

9,4 

9.3 

9.3 

9.4 

9.3 

9.3 

9.4 

9.4 

16 

Cu 

M-3 

9.5 

9.4 

9.4 

9.5 

9.3 

9.4 

9.4 

9.4 

9.5 

9.'5 

9.4 

17 

Cu 

K-2 

8.8 

8.8 

8.9 

8-. 9 

8.9 

8.8 

8.8 

8.6 

8.6 

8.8 

8.8 

18 

Cu 

M-1 

9.4 

9.2 

9.3 

9.4 

9.2 

9.3 

9.3 

9.3 

9.2 

9.2 

9.2 

19 

Cu 

ll-W 

8.2 

8.2 

8.3 

8.8 

8.2 

6.3 

7.8 

8.0 

8.8 

8.8 

8.8 

20 

A1 

G-0 

5.5 

7.2 

6.1 

6.2 

5.4 

5.5 

5.3 

5.3 

5,4 

6,7 

6.3 

21 

41 

T-1 

9.6 

10.2 

10.3 

10.2 

10.0 

10.1 

10.1 

10.1 

10,1 

10.2 

10.1 

22 

A1 

P-2 

9.8 

10.3 

10,4 

10.5 

10.3 

10.4 

10.3 

10.3 

10.4 

10.5 

10.5 

23 

41 

P-1 

9.1 

10.6 

10.6 

10,6 

10.4 

10. S 

10.5 

10.5 

10.5 

10.5 

10.5 

24 

41 

M-4 

9.4 

9.4 

9.4 

9.5 

9.3 

9.4 

9.4 

9.4 

9.4 

9.5 

9,4 

25 

A1 

M-3 

9.5 

9.4 

9.4 

9.5 

9.5 

9.4 

9.3 

9.4 

9.4 

9.4 

9.4 

26 

A1 

M-2 

8.8 

9.3 

9.3 

9.4 

9.4 

9.0 

9.3 

9.3 

9.3 

9.4 

9.4 

27 

A1 

M-1 

9.4 

9.2 

9.2 

9.4 

9.1 

9,3 

9.3 

9.2 

9.2 

9.3 

9.2 

28 

A1 

H-W 

8.2 

8.6 

8.3 

8.8 

8.6 

8.7 

7.6 

7.7 

7.7 

8.8 

8.4 

29 

Stl 

G-0 

5.5 

5.0 

5.5 

5.4 

5.1 

6.2 

5.1 

5.2 

5.2 

6.3 

6.2 

30 

Stl 

T-1 

9.6 

10,5 

10.5 

10.6 

10.6 

10.6 

10.6 ' 

10.6 

10.6 

10.7 

10.7 

31 

Stl 

P-2 

9.8 

10.0 

10.1 

10.2 

10.2 

10.2 

10.1 

10. 1 

10.2 

10.2 

10.2 

32 

Stl, 

P-1 

9.8 

9.6 

9.6 

9.6 

9.6 

9.6 

9.5 

9.6 

9.5 

9.6 

9.6 

33 

Stl 

M-4 

9.4 

9.2 

9.3 

9.4 

9.3 

9.3 

9.4 

9.3 

9.2 

9.3 

9.3 

34 

Stl 

M-3 

9.5 

9,2 

9.2 

9.3 

9.3 

9.2 

9.2 

9.2 

9.2 

9.3 

9.3 

35 

Stl 

M-2 

8.8 

8.9 

9,0 

9.1 

9.1 

9.4 

9.0 

9.0 

9.0 

9.1 

9.1 

36 

Stl 

M-1 

9.4 

9.2 

9.2 

9.3 

9.3 

9.2 

9.2 

9.2 

9.2 

9.2 

9.2 

37 

stl 

H-W 

8.2 

a.o 

8.3 

8.3 

8.4 

8.6 

8.5 

7.7 

8.7 

8.7 

8.6 

38 

Hlx 

T-2 

8.7 

8.6 

8.6 

8.7 

8.6 

9.0 

8.9 


8.8 




24 



T«bl« V 


SOLAR HEAT TRANSfORT FLUIDS 
RASA CONTRACT NAS8-32255 
RBSERVE ALKALINITY 


1977 1921 


iXUKSi 

Naterlal 

Fluid 

1nltl.it 

7/15 

“17!? 

4715 

1 

EPDH 

M-5 

10.75 




2 

Cu 

P-0 





3 

A1 

P-0 





4 

Stl 

P-0 





5 

Cu 

M-0 





6 

A1 

H-0 





7 

Stl 

M-0 





8 

Cu 

D-W 





9 

A1 

D-W 





10 

sa 

D-W 





11 

Cu 

G-0 





12 

Cu 

T-1 

6,10 

6.10 

6.10 

5.90 

13 

Cu 

P-2 

6.25 

6.30 

6.20 

6,10 

14 

Cu 

P-l 

6,00 

5.95 

5.90 

5.80 

15 

Cu 

M-4 

6.65 

6.50 

6.50 

6.50 

16 

Cu 

M-3 

6.65 

6.45 

6.50 

6.50 

1? 

Cu 

H-2 

11,45 

11.30 

11.40 

11.30 

IB 

Cu 

M-1 

9.90 

9,50 

9.10 

9.10 

19 

Cu 

H-W 




0.12 

20 

A1 

C-0 





21 

A1 

T-1 

6.10 

6.00 

6.00 

6.00 

22 

A1 

P-2 

6.25 

6.20 

6,25 

6.20 

23 

A1 

P-l 

6.00 

5.«0 

5.95 

5.90 

24 

A1 

M-4 

6.55 

6.60 

6.65 

6.60 

25 

A1 

M-3 

6.55 

6.60 

6,60 

6.70 

26 

A1 

M-2 

11.45 

11.50 

11.50 

11.40 

27 

Al 

M-1 

9.90 

9.90 

10.00 

9.95 

26 

A1 

H-W 





29 

stl 

G-0 





30 

Stl 

T-1 

6.10 

6.10 

6.05 

6.10 

31 

Stl 

P-2 

6.25 

6.20 

6.21 

6.30 

32 

Stl 

P-l 

6.00 

5.90 

5.90 

6.10 

33 

Stl 


6.65 

6.60 

6.63 

6.70 

34 

Stl 

M-3 

6.65 

6.60 

6.58 

6.60 

35 

Stl 

M-2 

11.45 

11.40 

11.24 

11.50 

36 

Stl 

M-1 

9.90 

9,90 

9.84 

9.80 

37 

Stl 

H-W 





38 

Mix 

T-2 

10.6 

— 

3.23 

3.30 


* TcaCing o£ plaatlc panel initiated. 
note: All blank spaces are <0.100 


10/15 

11/15 

12/15 

1/15 

2/15 

3/15 

4/15 

•10.83 

6.05 

5.90 

6.00 

6.00 

6.00 

6.00 

5.95 

6.15 

6.10 

6.20 

6.10 

6.10 

6.10 

6,08 

5.90 

5,80 

5.90 

6,00 

5,80 

5.80 

5.80 

6.50 

6,40 

6,50 

6.50 

6,50 

6.50 

6.43 

6.50 

6.40 

6.50 

6.50 

".40 

6.50 

6,40 

11.35 

11.20 

11.40 

11.30 

11.30 

11.30 

11.33 

9.20 

9.00 

9.10 

9.10 

9.00 

9.90 

9.00 


6.00 

5.90 

6.00 

6.00 

5.80 

5.80 

5.88 

6.23 

6.20 

6.40 

6.30 

6.20 

6.20 

6.13 

5.90 

5.90 

5,95 

5.90 

5.80 

5.90 

5.80 

6.70 

6.55 

6.70 

6.60 

6,60 

6.60 

6.53 

6,65 

6.50 

6.60 

6.60 

6.60 

6.60 

6.48 

11.50 

11.30 

11.40 

11.50 

11.40 

11.40 

11,35 

9.90 

9.80 

9.90 

9.90 

9.80 

9.80 

9.78 

6.05 

5.90 

« 

6.10 

6.00 

6.00 

6,00 

5.95 

6.15 

6.10 

6.30 

6.20 

6.20 

6.2 0 

6.13 

5,90 

6.00 

6.00 

5.90 

5.90 

5.90 

5.83 

6.65 

6.50 

6.60 

6.60 

6.60 

6.60 

5.55 

6.60 

6.50 

6.60 

6.60 

6.60 

6.60 

6.53 

11.40 

11.25 

11.40 

11.40 

11.30 

11.40 

11.40 

9.85 

9.70 

9.90 

9.90 

9.80 

9.80 

9.70 

3.45 

3.10 

3.20 

3.30 


3.20 

3.05 


25 



V 

Sj)LARJjUAl 

MA>A J.'>:ji HART HAS»-322'i5 
RESERVE ALKAUNITY. Continued 









1978 




1979 

stem 

Material 


Initial 

syis 

6/15 

7/15 

8/15 

9/15 

10/15 

"uTTs 

TaTiT 

1715 

2/26 

1 

EPDM 

M-5 

10.75 

10.73 

10,90 

10.80 

10.73 

10.80 

10,80 

10.80 

10.80 

10,80 

10,80 

2 

Cu 

P-0 












3 

A1 

P-0 












4 

Sti 

P-0 












5 

Cu 

M-0 












6 

A1 

M-0 












7 

Stl 

M-0 












8 

Cu 

D-W 












9 

A1 

D-W 












10 


D-W 












11 

Cu 

C-0 












12 

Cu 

T-1 

6.10 

5.93 

6.00 

6.00 

5.88 

6.00 

6.00 

6.00 

6.00 

6.00 

6,00 

13 

Cu 

P-2 

6.25 

6.08 

6.08 

6.20 

6.08 

6.20 

6.20 

6.15 

6.20 

6.10 

6.30 

14 

Cu 

P-1 

6.00 

5.80 

5.85 

6.00 

5.78 

5.90 

5.90 

5.85 

5.80 

5.80 

6.00 

15 

Cu 

M-4 

6.65 

6.43 

6.45 

6,50 

6.40 

6.50 

6.50 

6.55 

6.50 

6.40 

6.50 

16 

Cu 

M-3 

6.65 

6. 40 

6.50 

6.50 

6.43 

6.50 

6.50 

6.50 

6.50 

6.50 

, 6.50 

17 

Cu 

M-2 

11.45 

11.38 

11.35 

11.40 

11.28 

11.30 

11.40 

11.. 35 

11.20 

11.30 

11.30 

18 

Cu 

M-1 

9.90 

9.00 

9.10 

9.10 

9.00 

9.10 

9.10 

9.10 

9.10 

9.10 

9.10 

19 

Cu 

H-W 












20 

A1 

G-0 












21 

A1 

T-l 

6.10 

5.83 

5.80 

5.90 

5.90 

6.00 

6,00 

'1.90 

5.00 

6.00 

6.00 

22 

A1 

P-2 

6.25 

10.10 

6.15 

6.30 

6.10 

6.20 

6.20 

6.25 

6.20 

6.20 

6.30 

23 

A1 

P-1 

6.00 

5.80 

5.88 

5.90 

5.85 

5.90 

5.90 

5.9,5 

6.00 

6.00 

5.90 

24 

A1 

M-4 

6.55 

6.55 

6.60 

6.70 

6.58 

6.60 

6.60 

6.60 

6.60 

6.60 

6.60 

25 

A1 

M-3 

6.55 

6.50 

6.55 

6.60 

6.70 

6.60 

6.60 

6.55 

6.50 

6.60 

6.60 

26 

A1 

M-2 

11.45 

11.35 

11.45 

11.60 

11 .40 

11.40 

12.50 

,U.45 

11.40 

11.40 

11.50 

27 

A1 

M-1 

9.90 

9.75 

9.90 

9.90 

9,75 

9.90 

9.60 

9.85 

9,80 

9.90 

9,90 

28 

A1 

H-W 












29 

Stl 

(5-0 












30 

Stl 

Y-1 

6.10 

5.93 

6.00 

c.no 

5.95 

6.10 

6.00 

6.05 

5.60 

6.10 

6.10 

31 

Stl 

P-2 

6.25 

6.10 

6.15 

6.70 

6.10 

6.20 

6.20 

6.15 

6.10 

6.20 

6.20 

32 

Stl 

P-l 

6.00 

S.85 

5.85 

5.90 

5,83 

5.90 

6.00 

5.90 

5.80 

5.90 

5.90 

33 

Stl 

M-4 

6.65 

6.50 

6.6!i 

6,70 

6.58 

6.60 

6.70 

6.00 

6.50 

6.60 

6.60 

34 

Stl 

N-3 

6.65 

6.48 

6.55 

6.60 

6.50 

6.60 

6.60 

6.55 

6.60 

6.70 

6.60 

35 

Stl 

M-2 

11.45 

11.30 

11.40 

11,40 

11.33 

ll.!>0 

11.40 

11.40 

11.40 

11 .40 

31.40 

36 

Stl 

M-1 

9.90 

9.70 

9.75 

9.80 

9.73 

9.80 

9.80 

9.80 

9.80 

9.80 

9.80 

37 

Stl 

H-W 












38 

Mix 

T-2 

10.6 

3.03 

3.05 

3.10 

2.93 

4.10 

4.00 


4.00 




NOTE I All blank spaces ace <0.100 
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T«bl« VI 


SOLAR HEAT TRANSPORT FLUID 
NASA CONTRACT NAS8-32255 
VISUAL APPEARANCE TEST 


1977 197£ 


luifi 

I 

Fluid 

HatorUl 

7/15 

8/15 

9/l5 

10/15 

11/ii 

12/15 

1/15 

un 

3/15 

47T5 

M-5 

EPDH 










•100-250 

2 

F-0 

Cu 

50-100 

50-100 

50-100 

100-250 

o-oso 

0-090 

100-250 

100-250 

100-250 

100-250 

i 

F-0 

A1 

250-500 

250-500 

100-250 

500 + 

250-500 

900 4- 

500 4 

250-500 

250-500 

250-500 

4 

F-0 

Stl 

250-500 

250-500 

250-500 

250-500 

250-500 

250-500 

250-500 

100-250 

100-250 

500 4 

5 

H-0 

Cu 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

250-500 

4 

M-0 

A1 

250-500 

100-250 

250-500 

250-500 

500 4- 

500 4- 

500 4 

500 4 

500 4 

500 4 

7 

M-0 

Stl 

100-250 

250-500 

250-500 

250-500 

250-500 

250-500 

250-500 

100-250 

100-250 

250-500 

S 

D-U 

Cu 

50-100 

100-250 

50-100 

0-050 

0-050 

0-050 

0-050 

0-050 

0-050 

0-050 

9 

D-W 

A1 

0-050 

50-100 

0-050 

50-100 

0-050 

- 

50-100 

100-250 

100-2^0 

050-100 

10 

D-W 

Stl 

100-250 

100-250 

100-250 

50-100 

50-100 

50-100 

0-050 

0-050 

100-250 

100-250 

II 

G-0 

Cu 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

050-100 

250-500 

12 

T-l 

Cu 

100-250 

100-250 

100-250 

100-250 

250-500 

250-500 

500 4 

500 4 

250-500 

500 4 

13 

P-2 

Cu 

50-100 

50-100 

0-050 

0-050 

0-050 

0-050 

0-050 

050-100 

050-100 

050-100 

14 

P-1 

Cu 

100-250 

50-100 

0-050 

0-050 

0-050 

0-050 

0-050 

0-050 

050-100 

050-100 

15 

M-4 

Cu 

50-100 

50-100 

50-100 

50-100 

0-050 

0-050 

0-050 

050-100 

050-100 

100-250 

16 

M-3 

Cu 

50-100 

50-100 

50-100 

0-050 

50-100 

0-050 

0-050 

050-100 

050*400 

050-100 

17 

M-2 

Cu 

5f-100 

50-100 

50-100 

50-100 

0-050 

0-050 

0-050 

050=100 

050-100 

050-100 

18 

H-1 

Cu 

50-100 

50-100 

50-100 

50-100 

0-050 

0-050 

0-050 

050-100 

050-100 

050-100 

19 

H-W 

Cu 

50-100 

50-100 

50-100 

50-100 

0-050 

0-050 

0-050 

050-100 

050-100 

050-100 

20 

G-0 

A1 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

050-100 

lOC-250 

250-500 

21 

T-l 

A1 

100-250 

100-250 

100-240 

100-250 

250-500 

250-500 

500 4 

500 4 

500 4 

500 4 

22 

P-2 

A1 

50-100 

50-100 

50-100 

50-100 

0-050 

0-050 

0-050 

0-050 

0-050 

050-100 

23 

P.-1 

A1 

0-050 

0-050 

50-100 

0-050 

0-050 

0-050 

0-050 

0-050 

0-050 

050-100 

24 

K-4 

A1 

50-100 

50-100 

50-100 

50-100 

50-100 

50-100 

0-050 

050-100 

050-100 

050-100 

25 

M-3 

A1 

50-100 

50-100 

50-100 

0-050 

50-100 

0-050 

0-050 

050-100 

050-100 

050-100 

26 

M-2 

A1 

50-100 

50-1C0 

50-100 

0-050 

0-050 

0-050 

0-050 

050-100 

050-100 

050-100 

27 

M-1 

A1 

50-100 

50-100 

50-100 

0-050 

' 0-050 

0-050 

0-050 

050-100 

050-100 

050-100 

28 

H-W 

A1 

0-050 

50-100 

0-050 

50-100 

0-050 

0-050 

0-050 

0-050 

0-050 

050-100 

29 

G-0 

Stl 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

050-100 

100-250 

250-500 

30 

T-l 

Stl 

50-100 

100-250 

100-250 

100-250 

250-500 

250-500 

500 4 

500 4 

5004 

500 4 

31 

P-2 

Stl 

50-100 

50-100 

50-U/0 

50-100 

50-100 

50-100 

50-100 

100-250 

100-250 

100-250 

32 

P-1 

Stl 

50-100 

50-100 

50-100 

50-100 

50-100 

50-100 

50-100 

050-100 

050-100 

050-100 

33 

M-4 

Stl 

50-100 

50-100 

50-100 

100-250 " 

50-100 

50-100 

50-100 

100-2*0 

100-250 

100-250 

34 

M-3 

Stl 

100-250 

100-250 

100-250 

50-100 

100-250 

50-100 

100-250 

100-250 

100-250 

100-250 

35 

M-2 

Stl 

100-250 

100-250 

100-250 

100-250 

250-500 

100-250 

100-250 

100-250 

100-250 

100-250 

36 

N-1 

stl 

100-250 

100-250 

50-100 

50-100 

50-100 

100-7,50 

100-250 

100-250 

100-250 

250-500 

37 

H-W 

stl 

50-100 

0-050 

50-100 

0-050 

0-050 

0-050 

0-050 

050-100 

100-250 

0-050 

38 

T-2 

Mix 

- 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 


250-500 

250-500 


* Toting of plagtlc panel Initiated 


27 


Tubl* VI 


lOLAK HIAT TMNSPORT VtUID 



Fluid 

HaturUl 


N484 CONTRACT NASB-322S5 
VISUAL APPEARANCE TEST, contlnuud 

1978 



im 

■TTB 

6/B 

7/15 

8/15 


10/15 

uM 

ii7ij 

,1/15 _ 

2/26 

1 

M-5 

CFDH 

100-250 

100-250 

100-250 

100-250 

100-2SO 

100-250 

100-250 

100-250 

100-250 

050-100 

1 

F-0 

Cu 

100-250 

050-100 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100*250 

250-500 

3 

?•« 

41 

250-500 

250-500 

250-500 

500 

500 4 

500 4 

500 4 

500 4 

500 4 

500 4 

4 

F-0 

•Stl 

250-500 

100-250 

100-250 

250-500 

250-500 

250-500 

250-500 

250-500 

100-250 

250-500 

S 

M*0 

Cu 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

250-500 [ 

6 

H-0 

41 

500 ♦ 

500 + 

500 'f 

500 + 

500 + 

500 4 

500 4 

500 4 

500 4 

300 4 i 

7 

H-0 

scl 

250-500 

100-250 

100-250 

250-500 

250-500 

250-500 

100-250 

250-500 

100-250 

250-500 5 

• 

D-U 

Cu 

050-100 

050-100 

050-100 

100-250 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

9 

0>U 

41 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

10 

D-W 

Stl 

100-250 

100-250 

050-100 

100-250 

100-250 

050-100 

000-050 

000-050 

050-100 

' 050-100 , 

U 

C-0 

Cu 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

250-500 ‘ 

12 

T-1 

Cu 

500 -f 

500 t 

500 + 

500 + 

500 4 

500 4 

500 4 

500 4 

500 4 

500 4 

13 

F-2 

Cu 

050-100 

050-100 

050-100 

050-100 

050-100 

000-050 

OSO-lOO 

050-100 

000-050 

050-100 

14 

F-l 

Cu 

050-100 

000-050 

000-050 

050-100 

000-050 

000-050 

000-050 

000-050 

000-050 

050-100 

15 

H-4 

Cu 

100-250 

050-100 

050-100 

050-100 

050-100 

050-100 

050-100 

050-100 

050-100 

050-100 

16 

M-3 

Cu 

100-250 

050-100 

050-100 

100-250 

050-100 

050-100 

100-250 

050-100 

050-100^ 

050-100 

17 

H-2 

Cu 

100-250 

050-100 

050-100 

050-100 

OSO-lOO 

050-100 

050-100 

050-100 

000-050 

050-100 

18 

M-l 

Cu 

050-100 

050-100 

050-100 

050-100 

050-100 

000-050 

OSO-lOO 

050-100 

000-050 

050-100 

19 

H-U 

Cu 

000-050 

050-100 

Q50-100 

050-100 

000-050 

000-050 

050-100 

050-100 

000-050 

000-050 

20 

C-0 

41 

100-250 

100-250 

100-250 

100-250 

2'!0-500 

100-250 

100-250 

100-250 

050-100 

100-250 

21 

T-1 

41 

500 + 

500 + 

500 + 

250-500 

500 4 

500 4 

500 4 

500 4 

500 4 

500 4 

22 

P-2 

41 

050-100 

000-050 

000-050 

050-100 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

23 

P-1 

41 

000-050 

000-050 

000-050 

050-100 

000-050 

000-05») 

000-050 

000-050 

000-050 

000-050 

24 

H-4 

41 

050-100 

OSO-lOO 

050-100 

050-100 

050-100 

050-100 

OSO-lOO 

050-100 

050-100 

050-100 

25 

H-3 

41 

050-100 

050-100 

050-100 

050-100 

050-100 

050-100 

OSO-lOO 

050-100 

050-100 

050-100 

26 

H-2 

M 

050-100 

050-100 

050-100 

050-100 

100-250 

050-100 

050-100 

050-100 

050-100 

050-100 

27 

H-1 

A1 

050-100 

050-100 

050-100 

050-100 

OSO-lOO 

050-100 

000-050 

000-050 

050-100 

050-100 

28 

H-W 

A1 

000-050 

000-050 

000-050 

050-100 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

29 

C-0 

SCI 

100-250 

100-250 

100-250 

100-250 

100-250 

050-100 

100-250 

100-250 

050-100 

250-500 

30 

T-1 

Stl 

500 + 

500 + 

500 + 

500 + 

500 4 

500 4 

500 4 

500 4 

500 4 

500 4 

31 

P-2 

Stl 

050-100 

050-100 

050-100 

100-250 

050-100 

050-100 

050-100 

050-100 

050-100 

050-100 

32 

P-1 

Scl 

050-100 

050-100 

050-100 

050-100 

050-100 

050-100 

OSO-lOO 

050-100 

050-100 

050-100 

33 

M-4 

Stl 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

050-100 

34 

M-3 

Stl 

100-250 

100-250 

lQO-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

35 

M-2 

Stl 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

36 

M-l 

Scl 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

100-250 

37 

K-W 

Scl 

imo-050 

000-050 

000-050 

050-100 

000-050 

000-050 

000-050 

000-050 

000-050 

000-050 

38 

T-2 

Mix 

250-500 

250-500 

250-500 

250-500 

250-500 

250-500 


250-500 
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Table VII 


A ih Test 
Weight X 


System 

Initial 

Final 

System 

Initial 

Final 

1 

.72 

.69 

19 

Hard Water 


2 

Nil 

.02 

20 

Nil 

nil 

3 

Nil 

.01 

21 

.968 

.92 

4 

Nil 

.01 

22 

.978 

.95 

5 

Nil 

.01 

23 

.943 

.80 

6 

Nil 

.01 

24 

.86 

.87 

7 

Nil 

.004 

25 

.872 

.93 

8 

Deionized 

Water 

26 

1.30 

1.33 

9 

Deionized Water 

27 

.61 

.62 

10 

Deionized 

Water 

28 

Hard Water 


11 

Nil 

.004 

29 

Nil 

' Nil 

12 

.968 

.93 

30 

.968 

.91 

13 

.978 

.83 

31 

.978 

.95 

14 

.943 

.96 

32 

.943 

.91 

15 

.86 

.87 

33 

.86 

.88 

16 

.872 

.90 

34 

.872 

.92 

17 

1.30 

1.35 

35 

1.30 

1.41 

18 

.61 

.59 

36 

.61 

N* 

.66 
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Hard Water 





Table VIII 






Viscosities 






Centistokes 




System 

Initial 

Final 

System 

Initial 

Final 

1 

3.74 

3.95 

19 

Hard Water 


2 

6.26 

5.27 

20 

8.62 

9.48 

3 

6.26 

6.31 

21 

6.60 

5.86 

4 

6.26 

6.25 

22 

6.52 

6.24 

5 

3.40 

3.69 

23 

6.58 

6.44 

6 

3.40 

3.55 

24 

3.72 

3.94 

7 

3.40 

3.67 

25 

3.69 

3.57 

8 

Deionized 

Wa ter 

26 

3.78 

3.67 

9 

Deionized 

Water 

27 

3.68 

3.f0 

10 

Deionized 

Water 

28 

Hard Water 


11 

8.62 

8.59 

29 

8.62 

8.88 

12 

6.60 

6.03 

30 

6.60 

5.87 

13 

6.52 

6.24 

31 

6.52 

5.91 

,14 

6.58 

6.18 

52 

6.58 

6.10 

15 

3.72 

3.58 

33 

3.72 

3.55 

16 

3.69 

3.72 

34 

3.69 

3.81 

17 

3.78 

4.01 

35 

3.78 

4.00 

18 

3.68 

3.28 

36 

3.68 

4.00 




37 

Hard Water 
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Table XX 


Fonra Test: 



Foam Volume, ml 

Break Time, 

sec. 

SyaCem 

Initial 

Pinal 

Initial 

Final 

1 

63 

275 

3.7 

11.9 

2 

> 350 

> 350 

19 

18. 

3 

> 350 

> 350 

19 

20.4 • 

4 

> 3S0 

> 350 

19 

22.0« 

5 

45 

> 350 

4 

IS.O 

6 

45 

32 

4 

4.4 

7 

45 

341 

4 

11.4 

B 


Deionized Water 



9 


Ue Ionized Water 



10 


Deionizod Water 



11 

55 

220 

1.3 

9.8 

12 

85 

> 350 

10 

18.1 

13 

> 350 

> 350 

15.4 

21. 9* 

14 

> 350 

> 350 

20 

19,6* 

15 

45 

106 

2 

4.1 

16 

40 

116 

3 

5,6 

17 

50 

287 

3.2 

11.0 

18 

45 

130 

1.0 

5.1 

19 


Hard Water 



20 

55 

90 

1.3 

4.5 

21 

85 

330 

10 

11.0 

22 

> 350 

> 350 

15.4 

21. 1« 

23 

> 350 

> 350 

20 

20.5* 

24 

45 

123 

2 

5.5 

25 

40 

135 

3 

6.0 

26 

50 

115 

3.2 

5.3 

27 

45 

135 

1.0 

6.1 

28 


Hard Water 



29 

55 

230 

1.3 

11.7 

30 

85 

227 

10 

6.7 

31 

> 350 

> 350 

15.4 

21.8* 

32 

> 350 

> 350 

20 

18.7* 

33 

45 

65 

2 

1.7 

34 

40 

89 

3 

2.0 

35 

50 

92 

3.2 

1.9 

36 

45 

85 

1.0 

1.9 

37 


Hard Water 



•Foamed 

In <5 mlnutea 

■ 




30 


TABLE X 


Se© Pages 7 and 8. 


I 
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Tahiti XI 


FrtaulnR Point 


Syaccm 

•F 

Syatra 

*F 

1 

-36 

19 

+32 

2 

-33 

20 

-37 

3 

-33 

21 

-13 

4 

-33 

22 

-34.5 

5 

-36 

23 

-36.5 

6 

-36 

24 

-35.3 

7 

-36 

25 

-35.8 

8 

+32 

26 

-36.7 

9 

+32 

27 

-35.3 

10 

+32 

28 

+32 

11 

-37 

29 

-37 

12 

-13 

30 

-13 

13 

-34.5 

31 

-34.5 

14 

-36.5 

32 

-36.5 

15 

-35.3 

33 

-35.3 

16 

-35.8 

34 

-35.8 

17 

-36.7 

35 

-36.7 

18 

-35.3 

36 

-35.3 



37 

+32 



Table XII 




Equilibrium BoillnR Point 


Syatam 

•c 

System 

•c 

1 

105.8 

19 

100 

2 

110 

20 

108 

3 

110 

21 

104 

4 

110 

22 

105 

5 

107 

23 

105 

6 

107 

24 

108 

7 

107 

25 

107 

8 

100 

26 

108 

9 

100 

27 

107 

10 

100 

28 

100 

11 

108 

29 

108 

12 

104 

30 

104 

13 

105 

31 

105 

14 

105 

32 

105 

15 

108 

33 

108 

16 

107 

34 

107 

17 

108 

35 

108 

18 

107 

36 

107 
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100 


32 



Tabic XII 1 


Specific Gravity 


Svataa 

^ 60*F 

Syataa 

f 60*F 

1 

1.067 

19 

1.00 

2 

1.036 

20 

1.057 


1.036 

21 

1.087 

U 

1.036 

22 

1.049 

5 

1.064 

23 

1.041 

6 

1.064 

24 

1.077 

7 

1.064 

25 

1.077 

6 

1,00 

26 

1.076 

9 

1.00 

27 

1.066 

10 

1.00 

28 

1.00 

11 

1.057 

29 

1.057 

12 

1.087 

30 

1.087 

13 

1.049 

31 

1.049 

14 

1.041 

32 

1.041 

15 

1.077 

33 

1.077 

16 

1.077 

34 

1.077 

17 

1.076 

35 

1.076 

18 

1.066 

36 

1.066 
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1.00 



CONCLUSIONS 


1. SOLAIt HEAT TRANSPORT PWJIDS 

Thfcf infownatlon generated during this test period In- 
dicated that most aqueous glycol mixtures with properly de- 
signed corrosion inhibitor packages which include monethylene 
glycol, propylene glycol and trlethylene glycol can give 
adequate corrosion, freeze protection, and extended boiling 
point in cJosod loop solar systems fabricated using either 
copper, aluminum, steel or plastic collector plates and all 
coppor plumbing, or any combinations of them. 

2. SOLAR COLLECTOR PANELS 

$ 

(Collector panels fabricated from steel or copper are 
better candidates for long life against corrosion than aluminum 
panels. Copper is the preferred material to resist corrosion. 

In the case of the aluminum collector plate that 
evidoucoc? a small pit upon X-ray inspection, it was Impossible 
to determine when the collector plate might fail in its closed 
system environment. Further, one panel with one small pit 
out of a total of 21 panels tested and inspected by X«ray 
indicates the possibility that this local corrosion pit may 
have had its origin prior to the beginning of testing. 


RECOMMENDATIONS 


55erex, a monoethylene glycol, is the recommended trans- 
port fluid, Further, it was the only solar fluid tested which 
can be purchased over the counter and is readily available. 

Regardless of the type of solar heat transport fluid 
used in a closed loop active solar heating and cooling system 
and regardless of the combinations of hardware items that go 
to make up the system, every effort should be exercised to 
reduce to a minimum the length of time any portion of the 
system must be open to the atmosphere, such as during servicing 
and maintenance; because the flow passages of any system, ex- 
posed to the atmosphere Increases the possibility of corrosion, 
especially In systems having parts fabricated from aluminum. 
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GENERAL 


The rc?f#r©nce documents indicated by [ 1 throughout 
the text are extensions ol this final report and are recommended 
reading to provide a more detailed understanding of the develop- 
ment effort under this contract. They may be obtained through 
DOE, Technical Information Center, P,0. Box 62, Oak Ridge, 
Tennessee 37830 or purchased from National Technical Informa- 
tion Service, Springfield, Virginia 22151. 
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